Topical microbicides are being sought to prevent sexually transmitted diseases by inactivating pathogens while preserving or enhancing the natural mucosal barrier. Serious public health concerns were raised by a recent phase 3 clinical trial that showed that nonoxynol-9 (N-9), a leading microbicide candidate widely used as an over-the-counter spermicide, may actually increase human immunodeficiency virus type 1 (HIV-1) 
surfactant with demonstrable in vitro toxicity to a number of species of bacteria and enveloped viruses, including HIV-1 [3] . Although its frequent use has been associated with vaginal irritation and ulceration [4] [5] [6] [7] , various N-9 products, including COL-1492, have been found generally safe by colposcopic examination in phase 1 and 2 clinical trials [8] [9] [10] .
Although monitoring for cervicovaginal lesions has been a routine part of clinical safety microbicide trials, little is known about potential subtle changes in the cervicovaginal mucosal barrier, including induction of mucosal inflammation and interference with host defense mechanisms. Proinflammatory events are generally beneficial for clearance of bacterial vaginal infections; however, in the case of HIV-1, vaginal inflammation may enhance infection by attracting HIV-1 host cells to the vaginal mucosa and by activating HIV-1 transcription in infected cells via cytokine up-regulation of the NF-kB. The HIV proviral enhancer located in the long terminal repeat (LTR) contains 2 NF-kB binding sites upstream of the TATA box and another one in the trans-activation response region that act in synergy with other transcription factors to enhance HIV-1 expression in response to NF-kB activation stimuli [11] . Inflammatory processes at mucosal surfaces are usually down-regulated by anti-inflammatory factors, such as secretory leukocyte protease inhibitor (SLPI), interleukin-1 receptor antagonist (IL1ra), and soluble tumor necrosis factor receptors (sTNF-Rs), which are produced by the healthy mucosal epithelium.
Although proinflammatory cytokines in the lower female genital tract have been addressed in some infection studies, little attention has been paid to counterbalancing anti-inflammatory factors. Furthermore, although vaginal inflammation in symptomatic sexually transmitted diseases has been recognized as a significant risk factor for HIV-1 transmission [12] , little is known about the impact of chemically induced inflammation on the barrier functions of the human vagina.
In the present study, we established a combination of in vitro and in vivo model systems using cellular and molecular end points to assess the link between N-9-induced proinflammatory events in the vaginal mucosa and the risk of HIV-1 infection.
Materials and Methods
Clinical treatment and assessment protocols. Ten healthy white female volunteers 24-48 years old and at low risk for HIV-1 infection participated in the study. Exclusion criteria included hormonal contraception and recent or current vaginal infections. Women were not studied during menses or within 48 h of sexual intercourse or use of any vaginal product, as these conditions may affect levels of cytokines and chemokines in cervicovaginal secretions. Two protocols were used. The first entailed sampling of cervicovaginal secretions before and at 12, 36, and 60 h after a single application of 150 mg of N-9 (Gynol II; Ortho Pharmaceuticals). The second protocol entailed 1 sampling before and 3 (12, 36 , and 60 h) after 3 applications of N-9.
Cervicovaginal samples were obtained by lavage with 10 cm 3 of sterile saline directed at the posterior vaginal wall. Cervicovaginal lavage (CVL) specimens were centrifuged at 500 g within 1 h of collection. The supernatant was aliquoted and was frozen at Ϫ70ЊC until use in cytokine and chemokine and HIV-1 activation assays. The cell pellet was resuspended in 1 cm 3 of saline. An Endtz test [13] was performed on a portion of the cell suspension to quantify polymorphonuclear neutrophils. The remaining cell suspension was smeared onto 8-well teflon-coated slides, was fixed in absolute methanol, and was stored at Ϫ70ЊC for immunohistologic studies of cell populations associated with N-9-induced vaginal inflammation (as described elsewhere [14] ), using monoclonal antibodies (MAbs) against leukocyte phenotypic antigens (CD45, BectonDickinson; CD3, CD4, CD8, and CD122, Immunotech; CD22 and CD68, Dako). A MAb that recognizes an epitope overlapping the nuclear location signal of the p65 subunit in NF-kB dimers (Chemicon International) was used to detect the activated form of NFkB in the CVL cell pellets [15] .
Cell lines. Previously established and well-characterized human papillomavirus (HPV)-16/E6E7-immortalized vaginal (Vk2/E6E7), ectocervical (Ect1/E6E7), and endocervical (End1/E6E7) epithelial cell lines were cultured in keratinocyte serum-free medium (Life Technologies Gibco BRL) supplemented with 50 mg/mL of bovine pituitary extract, 0.1 ng/mL of epidermal growth factor, 100 U/mL of penicillin, 100 mg/mL of streptomycin, and CaCl 2 , to a final calcium concentration of 0.4 mM [16, 17] . Primary ectocervical epithelial cells (CrEC-Ec; Clonetics) were cultured in the same medium but without additional CaCl 2 supplementation (final calcium concentration, 0.1 mM). The primary ectocervical cell cultures were used in their third and fourth passage, and the immortalized cell lines were used in passages 33-48. The HeLa 3S cervical adenocarcinoma cell line (American Type Culture Collection) was maintained in RPMI 1640 supplemented with 10% fetal calf serum, penicillin-streptomycin, and L-glutamine, as described elsewhere [16] .
The U1/HIV-1 cell line, a subclone of the U937 promonocyte cell line chronically infected with an HIV-1 provirus constitutively expressing low levels of p24, was obtained from the National Institutes of Health AIDS Research and Reference Reagent Program. Cells were propagated in RPMI 1640 supplemented with 10% heatinactivated fetal bovine serum, 2 mM L-glutamine, and 10,000 U/ mL of penicillin and streptomycin (Gibco) at 37ЊC in 5% CO 2 .
In vitro treatment of epithelial cells with N-9. Epithelial cells were cultured in 24-well polystyrene culture plates (Becton Dickinson) for a minimum of 3 days or until they reached complete confluence. The culture medium was replaced with culture medium alone, culture medium containing various doses of N-9 (gift from the Contraceptive Research and Development Program), or a medium containing a "nonirritating" vehicle control (carboxymethyl cellulose [CMC] ; Sigma) at the same concentrations as N-9. For some experiments, exogenous recombinant human (rh) cytokines and/or blocking and control antibodies were added (i.e., 10 ng/mL of IL-1a, 5 ng/mL of IL-1b, 20 ng/mL of TNF-a, 10 mg/mL of IL1a blocking goat IgG antibody or normal goat IgG; all from R&D Systems). Cell culture supernatants were harvested at various times, were centrifuged for 10 min at 1000 g to remove cell debris, and were stored at Ϫ70ЊC until analyzed. Each experiment was repeated at least 3 times.
Assessment of N-9 cytotoxicity to cervical and vaginal epithelial cells and U1/HIV-1 cells in vitro.
Confluent epithelial cell monolayers and U1/HIV-1 cells plated in 96-well plates at a density of 10 5 cells/mL were incubated for various time intervals with 2-fold dilutions of N-9 and then were assessed for cytotoxicity using the NonRadioactive CellTiter 96 assay (Promega), according to the manufacturer's instructions. This assay is based on the cellular conversion of tetrazolium salt (MTT) into a blue formazan product and has been shown to correlate well with in vivo irritancy potential of surfactants to skin [18] . The percentage of viable cells in treated versus untreated cultures was calculated on the basis of optical densities obtained with a DYNATECH MRX ELISA reader (Dynex Technologies) at 540 nm with a reference wavelength of 620 nm.
Cytokine measurement. Cytokine levels in CVLs and cell culture supernatants were measured by using ELISAs (R&D Systems and Endogen). The ELISAs were run on neat lavage specimens or on CVLs diluted 1:2 for IL-1a/b and IL-8 and 1:50 for IL-1ra and SLPI. Cytokine production in vitro was measured in supernatants from parallel cultures containing either media alone, various doses of N-9, or various doses of CMC. Cytokine concentrations were calculated by quadratic regression analysis based on logarithmically transformed optical densities. To determine whether N-9, keratinocyte culture media, or CVL interfered with cytokine detection in commercial ELISA kits, we spiked 2-fold dilutions of N-9, starting with 5%, neat CVL and culture media into each cytokine standard, and compared measured values with those obtained with standards.
Neutrophil elastase assay. Human neutrophil elastase was quantified by a colorimetric assay using pyroGlu-Pro-Val-pNA (Chromogenix) in 100 mM Tris (pH 8.3), 0.96 mM NaCl, and 1% bovine serum albumin [19] . Human neutrophil elastase (Calbiochem) was used to prepare a standard curve. Equal volumes (50 mL) of CVL, Tris assay buffer, and substrate were mixed in a 96-well plate, and optical densities were read at 405 nm.
NF-kB electrophoretic mobility-shift assay (EMSA). EMSA was performed on nuclear extracts of cytokine-and N-9-stimulated End1/E6E7 and Vk2/E6E7 epithelial cells to screen for NF-kB ac- 3 M sucrose, and 1.0 mg/mL each of the protease inhibitors aprotinin, antipain, leupeptin, chymostatin, and pepstatin), were incubated on ice for 15 min, and were lysed in 0.5% Nonidet P-40. Nuclei were collected by centrifugation and were resuspended in 20 mM Tris (pH 7.8), 5 mM MgCl 2 , 320 mM KCl, 0.5 mM dithiothreitol, 0.2 mM EGTA, 0.5 PMSF, 10 mM b-glycerolphosphate, 25% glycerol, and protease inhibitors. After a 15-min incubation on ice, the nuclear extracts were cleared by centrifugation and were incubated with 32 P-labeled NF-kB oligoprobes in the presence of binding buffer (Promega) for 30 min at room temperature, and then the reaction components were separated by electrophoresis on a 4% native polyacrylamide gel. The protein-DNA complexes and free oligos were detected by autoradiography using x-ray films (Eastman Kodak). The method is based on the observation that complexes of protein and DNA migrate through a nondenaturing polyacrylamide gel more slowly than unbound DNA fragments or oligonucleotides [20] .
Quantification of NF-kB activation in the pNF-kB-secreted alkaline phosphatase (SEAP) reporter gene system. The pNF-kB-SEAP reporter plasmid (Clontech) was transiently transfected into epithelial cells by use of the QIAGEN Effectene transfection reagent kit (Qiagen). If the NF-kB pathway is induced, endogenous NF-kB binds to the k enhancer element located in the promoter region of the pNF-kB-SEAP vector, thus activating the transcription of the SEAP reporter gene. In addition, pSEAP basic vector, which lacks the eukaryotic promoter and enhancer sequences, was used as a negative control, and the pSEAP control vector, which contains the SEAP structural gene under transcriptional control of the SV40 promoter and enhancer, was used as a positive control for transfection and expression of exogenous DNA [21] .
The transfection procedure was done on 60% confluent monolayers in 24-well plates at a DNA:transfection reagent ratio of 1:10 and with 0.1 mg of plasmid DNA/well for 6 h. After 6 h, DNA and transfection reagents were removed, fresh keratinocyte serum-free medium was added, and the cells were left in the CO 2 incubator at 37ЊC for 24 h, to allow for complete transfection. Parallel transfected and nontransfected cultures were treated for 90 min, 6 h, or 24 h with various concentrations of N-9 and exogenous cytokines in the presence or absence of IL-1a blocking goat antibody or unrelated goat IgG, as described above. The SEAP was detected in culture supernatants by the Great escAPe SEAP chemiluminescence assay (Clontech), which was used according to the manufacturer's protocol, using a Dynatech MLX microplate luminometer (Dynex Technologies). The chemiluminescence emitted by a SEAP-activated substrate (CSPD) was measured in relative luminescence units. ELISA-measured cytokine concentrations in the same supernatants that were used for SEAP detection were used to correlate NF-kB activation with cytokine patterns. After samples were obtained for SEAP and cytokine assays, cell viability was assessed by use of MTT.
HIV-1 activation protocols and p24 measurement in U1/HIV-1 cells. U1/HIV-1 cells were plated at 10
5 cells/well in 48-well culture plates and were incubated with rhIL-1a (50 ng/mL), rhTNFa (30 ng/mL), or human CVLs diluted 1:50 at 37ЊC in 5% CO 2 . Culture supernatants were assayed for HIV-1 p24 core protein production 48 h later by use of an ELISA kit (Life Science Products). In another set of experiments, U1/HIV cells ( /100 mL per well) were incubated in 96-well plates with 2-fold dilutions of N-9 for 48 h. At the end of this time, 100 mL of 0.5% Triton X-100 was added to each well for 10 min, and the cell lysates were assessed for total (intra-and extracellular) p24.
Statistical analysis. Statistical analysis was done using Instat 
Results

Multiple vaginal applications of N-9 altered the profiles of cytokines, chemokines, and other inflammatory regulators in cervicovaginal secretions.
Proinflammatory and anti-inflammatory mediators were quantified by ELISA in cervicovaginal lavages that were collected 12 h before N-9 application (baseline) and at 3 time points after discontinuation of N-9 use. Spiking studies, in which various concentrations of N-9 were added to cytokine standards, revealed that N-9 concentrations р5% did not affect the detection of most of the cytokines measured in this study, with the exception of IL-1a and IL-1b (70% recovery of spiked IL-1a/b standards in 5% N-9 and 100% recovery in 1.25% N-9 solution). Addition of CVL or keratinocyte culture media to cytokine standards also had no effect on cytokine measurement.
As shown in table 1, when compared with baseline values, a single application of N-9 did not induce significant changes in IL-1a, IL-1b, IL-8, sTNF-RI, sTNF-RII, or IL-1ra in CVLs obtained 12, 36, and 60 h after the N-9 application. SLPI was significantly reduced in CVLs obtained 12 h after N-9 use. TNF-a, macrophage inflammatory protein (MIP)-1a, MIP-1b, and RANTES were undetectable in CVL samples obtained before or after single N-9 applications.
In contrast, significant changes in the proinflammatory cytokine profiles were observed after 3 consecutive applications of N-9 (table 1). IL-1a and IL-1b were significantly and persistently increased in each subject after the third application of N-9. TNF-a and MIP-1a were undetectable at baseline and appeared in individual CVLs at various intervals after discontinuation of N-9 use, whereas IL-8 and MIP-1b showed progressive significant increases over time, with IL-8 reaching peak values typically at 36 h after N-9 use and MIP-1b showing a late peak at 60 h after N-9 use. At the same time, multiple exposures to N-9 caused diverse effects on anti-inflammatory factors, such as IL-ra, SLPI, and sTNF-Rs, which were present in normal (baseline) cervicovaginal secretions at various but high concentrations.
Although SLPI levels consistently were decreased, concentrations of sTNF-Rs showed diverse kinetic patterns. TNF-RI did not change significantly, but sTNF-RII increased significantly at 36 h after N-9 use. Although IL-1ra levels were elevated slightly or unchanged in individual CVLs after N-9 application, because of the markedly increased release of IL-1a and IL-1b, the effective IL-1ra:IL-1 ( ) ratio decreased a ϩ b significantly ( ) from at baseline (ranges of P ! .01 697 ‫ע‬ 0.189 600-1200 are considered to be effective for blocking of rhIL1a by IL-1ra in vitro) to at 12 h, at 36 h, 130 ‫ע‬ 29 115 ‫ע‬ 22 and at 60 h after discontinuation of N-9. 120 ‫ע‬ 18
Multiple exposure to N-9 caused influx of inflammatory cells in the cervicovaginal secretions and nuclear translocation of p65 NF-kB in cervicovaginal cells
Sloughed epithelial cell sheets commonly were observed in CVLs sampled after the second and third applications of N-9 (data not shown). One application of N-9 did not cause significant changes in polymorphonuclear leukocytes (PMNL), as demonstrated by the Endtz test: counts ranged from to cells/mL lavage. In con- 6 6 ! 0.04 ϫ 10 1.6 ϫ 10 trast, a dramatic influx of PMNL was observed after the third application of N-9, typically after an elevation of IL-8, with maximum cell counts occurring 36 and/or 60 h after N-9 exposure: counts ranged from to cells/mL per 6 6 3.8 ϫ 10 9 ϫ 10 lavage. The number of PMNL detected by the Endtz test correlated with human neutrophil elastase levels and activity, which markedly were increased over baseline levels in CVLs of all test subjects after 3 applications of N-9 (table 1) .
Immunohistologic analysis revealed that macrophages (CD68 ϩ cells) also were increased markedly in cervicovaginal secretions during this period ( figure 1A and 1B) , whereas few T or B cells were detected in CVL cell pellets before or after N-9 treatment (data not shown). Possible activation of NF-kB in the CVL cells was investigated, using a MAb specific to the nuclear localization sequence of the p65 NF-kB subunit. The epitope recognized by this antibody is exposed on activated p65 only after degradation of the inhibitory protein, I-kB. Epithelial cells present in CVLs at baseline were virtually negative for activated p65, whereas abundant positive epithelial cells and a few positive cells with monocytic morphology were observed 36 and 60 h after 3 days of N-9 use ( figure 1C-1E) .
N-9 caused IL-1a/b release, activation of NF-kB, and subsequent IL-8 up-regulation by cervical and vaginal epithelial cells in vitro.
The cytotoxic and cytokine responses 1 h after N-9 exposure (8-500 mg/mL) were similar in the immortalized vaginal and cervical epithelial cell lines and primary cervical epithelial cell cultures (figure 2). In contrast, the human cervical adenocarcinoma cell line HeLa was much less sensitive to N-9-induced cytotoxicity. The CMC vehicle control was completely nontoxic and did not cause any cytokine alterations within a concentration range of 1-1000 mg/mL (data not shown).
Depending on dose and length of exposure, N-9 induced diverse effects on the secretion of immunobiologic mediators by the immortalized epithelial cells. TNF-a, MIP-1a, and MIP1b were not detectable in supernatants from control or N-9-treated cervical and vaginal cultures at the selected time points and culture densities. Secretory profiles of IL-1b, IL-1a, and IL-8 were significantly altered by N-9 (figure 3). High doses of N-9 (100% cell death within 24 h) caused rapid (within 30 min) extracellular release of IL-1b and IL-1a by lysed cells, whereas subtoxic doses (10%-30% cell death within 24 h) induced a more gradual increase in IL-1a/b levels within 6 h and a further increase over 24 h in the case of IL-1a. IL-8 production was significantly increased per number of viable cells in both primary and immortalized epithelial cells after a 24-h incubation with subtoxic and nontoxic N-9 concentrations. Although SLPI was released by lysed cells at toxic concentrations of N-9 (32 mg/mL in 24 h), SLPI levels were decreased at subtoxic and nontoxic N-9 doses, compared with levels in untreated epithelial cells ( figure 3) .
Although exogenous IL-1a and TNF-a caused rapid (within 30 min) NF-kB nuclear translocation in the cervical and vaginal epithelial cells (data not shown), N-9-induced nuclear translocation occurred more slowly (6 h) and followed a significant increase in IL-1a/b levels at 30 min, suggesting an indirect, cytokine-mediated mechanism of NF-kB activation ( figure 4A ). In the same assay, NF-kB nuclear translocation in the presence of rhIL-1a and N-9 was blocked by polyclonal anti-human IL-1a. Significantly increased IL-8 levels were measured in supernatants from the same cultures that demonstrated NF-kB translocation. The stimulatory effect of N-9 on IL-8 production also was inhibited partially by anti-IL-1a antibody (figure 4B). Effective NF-kB transactivation in the presence of N-9 was confirmed in the SEAP reporter gene system and was similarly inhibited by anti-IL-1a, as demonstrated by significantly increased stimulation indices ( figure 4C ). IL-8 secretory profiles in the same culture supernatants mirrored the SEAP profiles ( figure 4D) .
Cervicovaginal lavages collected after multiple use of N-9 activated HIV-1 expression in vitro. To determine whether cervicovaginal secretions from N-9 users can induce HIV-1 expression, we treated U1/HIV cells with CVLs obtained from 3 women 12 h before N-9 use (baseline) and 12, 36, 60, and 108 h after 3 daily doses of N-9. As shown in figure 5A , HIV-1 p24 production by the reporter promonocytic cells line increased after treatment with post-N-9 CVL samples, compared with control untreated cells and cells treated with baseline CVL samples. The highest magnitude of expression (∼10-fold increase) was induced by CVLs obtained 60 h after discontinuation of N-9 ( ). In contrast, direct exposure of U1/HIV cells to P ! .05 subtoxic and nontoxic concentrations of N-9 (TD 70-0 , 16-1 mg/ mL, respectively) for the same time period did not induce a significant increase in p24 production (data not shown). Treatment of U1/HIV cells with rhTNF-a and rhIL-1a also induced significant increases in p24 production within the 48-h stimulation period (figure 5B), suggesting that these cytokines, which were both elevated in the cervicovaginal secretions after multiple N-9 use, may be involved in HIV-1 activation. A positive correlation was found between p24 values and concentrations of IL-1a in the CVL samples ( ). r p .62
Discussion
The combination of in vitro and in vivo findings from our study provides insight into the molecular mechanisms and cell types involved in N-9-induced inflammation, which could promote HIV-1 infection (summarized in figure 6 ).
We found that subtoxic doses of N-9, although perhaps not grossly disruptive of the genital tract mucosal surface, may promote accumulation of proinflammatory effects through an IL-1-induced NF-kB activation loop. Injured or irritated epithelial cells release intracellular stores of IL-1a/b, which are extremely efficient inducers of proinflammatory signal transduction pathways, including the transcription factor NF-kB, in a variety of cell types [22] . NF-kB accelerates and coordinates the expression of many proinflammatory proteins, including cytokines, chemokines, and adhesion molecules [23] , which could enhance HIV-1 infection through recruitment and/or activation of HIV-1-infected target cells at the site of inflammation. Although single exposure to N-9 did not significantly affect the cervicovaginal cytokine milieu, multiple exposures caused a significant increase in IL-1a and IL-1b levels in the cervicovaginal secretions of healthy women days after discontinuation of use. At the same time, low doses of N-9, which were nontoxic from within 30 min to 6 h of exposure time, gradually induced IL-1a and IL-1b release by cervical and vaginal epithelial cells.
NF-kB activation experiments further suggested that epithelial cells could be the initiators of early proinflammatory responses via IL-1a-mediated NF-kB activation potentiated by decreased ratios of anti-inflammatory mediators, such as IL1ra and SLPI, in cervicovaginal secretions. Moreover, nuclear translocation of the NF-kB p65 subunit, which is a component of the NF-kB dimer complexes that can activate the HIV-1 LTR [11, 24] , was detectable in cervicovaginal cells in vivo 36 and 60 h following repeated N-9 use. Also at these time points, increased levels of the chemokines IL-8 and MIP-1a/b but not RANTES correlated with the marked influx of neutrophils and macrophages but not T cells in cervicovaginal secretions. Concentrations of IL-8 but not MIP-1a/b or TNF-a were also dramatically elevated (subsequent to IL-1 increase) in culture supernatants from N-9-treated cervicovaginal epithelial cells in vitro. These findings suggest that while epithelial cells may initiate the proinflammatory events via IL-1 and NF-kB up-regulated-IL-8, activated neutrophils and macrophages may be the predominant sources of the elevated MIP-1a/b and TNF-a observed in the cervicovaginal secretions after discontinuation of N-9 use.
In addition to the role of NF-kB in the recruitment and activation of macrophages that can serve as HIV-1 host cells, its activation can have a direct effect on HIV-1 replication. Several viruses, including retroviruses (HIV-1), adenoviruses, and herpesviruses (herpes simplex virus-1 and human cytomegalovirus), have NF-kB binding sites in their promoter/enhancer regions [25] . The presence of NF-kB binding sites in the HIV-1 LTR renders the virus responsive to host proinflammatory signals. IL-1a and b and TNF-a have been shown to enhance the transcription of HIV-1 in infected monocytes and T cells via activation of NF-kB [26] [27] [28] .
In our study, rhIL-1a and rhTNF-a induced significant HIV-1 p24 production in the chronically infected U1/HIV promonocytic cell line. In the same system, levels of endogenous IL-1a were positively correlated with increased p24 expression following exposure to CVLs obtained after repeated N-9 use. Maximum p24 production in this in vitro model was induced by CVLs collected 60 h after discontinuation of N-9, highlighting the long-term and cumulative effects of N-9 use.
Resting T cells or cells of the monocyte-macrophage lineage can maintain a latent state of viral infection and constitute an inducible HIV-1 reservoir in infected patients [29] . The prevalence of such cells in the female genital tract mucosa has not been studied; however, latent replication-competent virus has been detected in the seminal cells of HIV-1-infected men receiving highly active antiretroviral therapy and is considered to be a major impediment to eradicating HIV [30] . It is clear that activation of HIV in latently infected monocytes/macrophages by N-9-induced inflammatory stimuli in the vaginal mucosa may accelerate the course of infection or increase the risk of HIV transmission.
To our knowledge, this study is the first to address the balance between anti-inflammatory and proinflammatory mediators in vaginal inflammation. The role of naturally occurring antiinflammatory factors in HIV-1 infection remains obscure. SLPI, a neutrophil elastase and cathepsin G inhibitor, has been shown to inhibit HIV-1 in vitro [31] , a function which may be associated with blocking of intracellular proteases and preservation of the NF-kB inhibitory protein I-kBb [19] .
IL-1ra is another naturally occurring anti-inflammatory protein that competitively blocks IL-1 binding to type I and type II IL-1 receptors, but it has no agonist activity [32] . Reduced IL-1ra production has been demonstrated in HIV-1-infected dendritic cells, which, along with elevated TNF-a and IL-1, may contribute to enhanced replication of HIV-1 in bystander T cells [33] . A direct blocking effect of IL-1ra on IL-1-induced HIV-1 expression in monocytes suggests a pathway for control of HIV replication and disease progression in infected individuals [28] . The effectively decreased IL-1ra-to-IL-1 ratios recorded in our study may contribute directly to increased risk of HIV-1 infection and transmission.
The presence of sTNF-Rs in cervicovaginal secretions, which, to our knowledge, is demonstrated for the first time in our study, may have a dual role in the control of inflammation in the cervicovaginal environment. On one hand, sTNF-Rs can reduce the toxic effects of TNF-a, and, on the other hand, they can serve as carriers and stabilizers of TNF-a, which has a comparatively high rate of decay in biological secretions [34] . Thus, depending on their relative concentrations, sTNF-Rs may inhibit or augment the effect of TNF-a in the female genital tract.
Our pilot clinical study suggests that monitoring proinflammatory and anti-inflammatory molecules in cervicovaginal lavage specimens during clinical trials can provide biochemical markers of vaginal irritation, whereas enumeration of macrophages and neutrophils in cervicovaginal secretions serves as a functional readout of vaginal inflammation. Our data also indicate that HPV16/E6E7 immortalized cervical and vaginal epithelial cell lines can provide an important model system for preclinical testing of vaginal microbicide products. These cell lines are highly sensitive to N-9-induced cytotoxicity and have cytokine responses that resemble those of primary epithelial cell cultures and agree with our in vivo observations. Further studies are needed to fully characterize the HIV-1 infection risk associated with inflammatory processes in the vaginal environment and to determine whether anti-inflammatory agents targeted at IL-1 and/or the NF-kB network would decrease the risk of HIV-1 transmission, thereby enhancing the antimicrobial efficacy of N-9 and other vaginal products.
